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1. Introduction
[bookmark: _Hlk54343086]The agreements made in RAN1 #109e for agenda 9.1.1.1 are listed below.  
	Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 

Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 

Agreement
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.

Agreement
[bookmark: _Hlk109375581]On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI

Agreement
[bookmark: _Hlk109375744]On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.




[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
2. [bookmark: _Hlk101442271]Issue 1 – Activation of Unified TCI for mTRP
For sDCI mTRP TCI activation, it would be beneficial to allow flexible mapping between TCI codepoint and TCI state(s) per TRP. One particular flexibility is to allow mixed joint and separate DL/UL TCI states to be mapped to the same TCI codepoint. For example, the codepoint #0 can be mapped to a pair of separate DL/UL TCI states for TRP #1 as well as a joint TCI state for TRP #2, as shown in Figure 1. This would be beneficial in the scenario where one TRP has the best DL beam suffering MPE issue, while the other TRP does not, as illustrated in Figure 2. 
[bookmark: _Hlk100679068][bookmark: _Hlk102113227]Observation 1: For sDCI mTRP unified TCI activation, it is beneficial for each codepoint to be mapped to mixed DL/UL-only TCI and joint TCI
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Figure 1: Flexible TCI state to codepoint mapping for sDCI mTRP
[bookmark: _Hlk101712649]
[image: ]

Figure 2: One TRP has the best DL beam suffering MPE issue, while the other TRP does not
For sDCI mTRP TCI activation, another flexibility is to allow unequal number of DL and UL applicable TCIs can be mapped to the same TCI codepoint. For example, the codepoint #1 can be mapped to a joint TCI state for one TRP as well as a separate DL TCI state for the other TRP, as shown in Figure 1. In this way, gNB can flexibly enable mTRP in both DL and UL, UL only, or DL only, as illustrated in Figure 3.

[bookmark: _Hlk102114136]Observation 2: For sDCI mTRP unified TCI activation, it is beneficial for each codepoint to be mapped to different numbers of DL applicable TCI(s) and UL applicable TCI(s)
[image: ]

Figure 3: mTRP is only enabled for DL

In general, it is observed that any combination of TCI states for the two TRPs may have its use case. Therefore, we have the following general proposal. 

Proposal 1: For sDCI mTRP unified TCI activation, each codepoint can be mapped to any 2 candidates from the 2 per-TRP TCI state sets, respectively
· Each per-TCI TCI state set may have the following candidates: {DL-only, UL-only}, {Joint}, {UL-only}, {DL-only}
For mDCI mTRP, the TCI activation can be similar to R17 sTRP TCI activation but for a given CORESETPoolIndex. For example, a codepoint for a given CORESETPoolIndex can be mapped to a joint TCI, a pair of separate DL/UL TCIs, a separate DL TCI, or a separate UL TCI, as shown in Figure 4. In addition, the TCI activation MAC-CE may simply reuse that for R17 sTRP TCI activation with the CORESETPoolIndex added.  

Proposal 2: For mDCI mTRP unified TCI activation, support TCI activation per CORESETPoolIndex
· For a given CORESETPoolIndex, the mapped TCI states per codepoint may have the following candidates: {DL-only, UL-only}, {Joint}, {UL-only}, {DL-only}
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[bookmark: _Hlk101770105]Figure 4: Per-CORESETPoolIndex based TCI activation for mDCI mTRP
3. Issue 2 – Association Between TCI and Channel/RS
In R17, an RRC flag is introduced to indicate whether a configured resource follows the indicated unified TCI or not. Similar concept can be extended to mTRP scenario, where an RRC flag can be introduced to indicate whether a configured channel/RS should share a selected unified TCI or not and, if so, which TRP ID of the shared TCI. For example, each CORESET can have an RRC flag to indicate whether it should share any selected unified TCI and, if so, it should share the selected TCI for TRP #1, TRP #2, or both. 

Proposal 3: For both sDCI and mDCI mTRP, an indicator is introduced with the following behaviours to inform UE whether a RRC configured channel/RS should share a selected unified TCI and, if so, which TRP ID of the shared TCI
· Behavior 1: Not to share any selected unified TCI
· Behavior 2: Share the selected unified TCI for TRP #1
· Behavior 3: Share the selected unified TCI for TRP #2
· Behavior 4: Share the selected unified TCI for both TRP #1 and #2

For mDCI mTRP, the association between the selected unified TCI and the applied channels/RSs can be determined via CORESETPoolIndex at least for channels/RSs scheduled/activated by DCI. For example, the DCI with a particular CORESETPoolIndex will select a TCI codepoint activated by the MAC-CE for the same CORESETPoolIndex, e.g. as shown in Figure 4. The selected TCI will be implicitly applied to channels/RSs scheduled by CORESET with same CORESETPoolIndex, if the CORESET is configured to share the same selected TCI state as well.    

[bookmark: _Hlk101790495]Proposal 4: For mDCI mTRP, for channels/RSs scheduled/activated by DCI, they will use the TCI selected for the same CORESETPoolIndex as the scheduling/activating DCI
In RAN1 #109e, a few options have been listed to associate a configured/indicated TCI state with a CORESET in case of sDCI mTRP. In our view, the association should be treated differently for indicated TCI state and configured TCI state. For the indicated TCI state, RRC based association should be sufficient, since the association between CORESET and TRP could be semi-static. The indicated TCI state for a given TRP can be implicitly applied to all CORESETs associated with the same TRP. Dynamic update of the association between CORESET and TRP via MAC-CE/DCI is a bit waste of signalling without strong use case. For the configured TCI state, its association with a CORESET not following any indicated TCI state can reuse existing MAC-CE based TCI state update per CORESET.
Proposal 5: On unified TCI framework extension for S-DCI based MTRP
· [bookmark: _Hlk109988416]For the association between indicated TCI state and CORESET following indicated TCI state, support Alt1
· [bookmark: _Hlk109988472]i.e. use RRC configuration to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group

· For the association between configured TCI state and CORESET not following indicated TCI state, support to reuse existing MAC-CE based TCI state update per CORESET

As a special case, for the association between indicated TCI states and SFN-CORESET following indicated TCI states, support RRC configuration to inform the mapping/association between the two indicated joint/DL TCI states and a SFN-CORESET.

Proposal 6: To indicate unified TCI state for PDCCH-SFN, support RRC configuring the CORESET to associate with both indicated unified TCI states for the two TRPs
In RAN1 #109e, a few options have been listed to indicate a TCI state for a CORESETPoolIndex. In our view, DCI indicating TCI for the same CORESETPoolIndex as the DCI should be sufficient, since the current mDCI mTRP maintains self-scheduling per CORESETPoolIndex. Based on the same principle, the operation parameters should also be self-maintained per CORESETPoolIndex. In addition, cross-CORESETPoolIndex TCI indication may require additional bits in the DCI, which may affect the PDCCH reliability.
Proposal 7: On unified TCI framework extension for M-DCI based MTRP, support Alt2 to indicate a TCI state for a CORESETPoolIndex
· i.e. use the existing TCI field in the DCI format 1_1/1_2 associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value

For R16 sDCI mTRP SDM/FDM/TDM based PDSCH repetitions, the rule has been defined for the mapping between each legacy TCI state and each PDSCH SDM/FDM component or FDM/TDM repetition. The same mapping rule can be reused for the extension of unified TCI framework to R16 sDCI mTRP PDSCH repetition schemes. One additional clarification could be that the 1st and 2nd legacy TCI states in the mapping rule should be replaced with the 1st and 2nd indicated DL applicable unified TCI states, since each TCI codepoint may be mapped to multiple DL and UL TCI states. 
Proposal 8: For unified TCI framework extension to R16 sDCI mTRP SDM/FDM/TDM based PDSCH repetition, the mapping of unified TCIs to repetitions or DMRS port groups can reuse the same rule in R16
·  i.e. by replacing 1st and 2nd indicated legacy TCI states in R16 rule with the 1st and 2nd indicated DL applicable unified TCI states

In R16, two default PDSCH beams can be enabled for both sDCI and mDCI mTRP, depending on UE capability. In case of unified TCI, two default beams can be supported as well. For sDCI mTRP, the two default beams can be the two indicated unified TCI states if two TCI states are indicated. Otherwise, R16 rule can be reused, i.e. the two default beams are the two unified TCI states mapped to the TCI codepoint with lowest ID among all codepoints with 2 TCI states. For mDCI mTRP, the default beam for a given CORESETPoolIndex could be the indicated DL applicable TCI state for that CORESETPoolIndex.
Proposal 9: For unified TCI framework extension to sDCI mTRP, two default beams can be supported
· If the indicated TCI codepoint has two DL applicable TCI states, they serve as the two default beams
· Otherwise, the two DL applicable TCI states mapped to the TCI codepoint with lowest ID serve as the two default beams

Proposal 10: For unified TCI framework extension to mDCI mTRP, two default beams can be supported
· The default beam for a given CORESETPoolIndex is the indicated DL applicable TCI state for that CORESETPoolIndex

In R17, an SRS resource set can be configured to follow the indicated unified TCI state. In case of sDCI mTRP with two SRS resource sets for the same usage and with two indicated unified TCI states, each of the two SRS resource sets can be configured to follow one of the indicated unified TCI state.
Proposal 11: For sDCI mTRP with two SRS resource sets for the same usage, each SRS resource set can follow one indicated TCI state for a TRP
· An RRC flag can be configured per SRS resource set to indicate which TCI to follow for this set

In R17 sDCI mTRP TDM based PUSCH repetition associated with two SRS resource sets, the rule has been defined for the mapping between each repetition and each SRS resource set, and the UL beam for all repetitions associated with the same SRS resource set is determined by the corresponding SRI. In case of unified TCI framework extension to R17 sDCI mTRP TDM based PUSCH repetition with 2 SRS resource sets, the 1st and 2nd indicated TCI states can be applied to repetitions associated with the 1st and 2nd SRS resource sets, respectively. 
Proposal 12: For unified TCI framework extension to R17 sDCI mTRP TDM based PUSCH repetition associated with two SRS resource sets, the 1st and 2nd indicated TCI states can be applied to repetitions associated with the 1st and 2nd SRS resource sets, respectively
4. Issue 3 – Indication of Unified TCI for mTRP
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Figure 5: CJT for up to 4 TRPs
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Figure 6: (a) SFN-TRS; (b) SFN-PDSCH
In R18, CSI report for FR1 CJT with up to 4 TRPs is under discussion in 9.1.2. A related issue is the corresponding TCI indication. To our understanding, the CJT refers to the joint precoding scheme across all participated TRPs as illustrated in Figure X. In this case, it may be sensible to have a same set of TCI states applied to every PDSCH DMRS port, since every stream is precoded across all TRPs. As shown in Figure X, there could be two major schemes for the corresponding TCI indication. One scheme is based on SFN-TRS, where a single TCI state is applied to all DMRS ports and the corresponding TRS is transmitted by all TRPs. The other scheme is based on SFN-PDSCH, where each DMRS port is QCLed with a common set of TCI states. Each TRS per TCI state is transmitted from one TRP and, therefore, the total TCI states per DMRS port can be up to 4. This scheme can be viewed as an extension of R17 SFN-PDSCH with maximum TCI state number increased from 2 to 4. However, the design for supporting up to 4 indicated TCI states is non-trivial, and we prefer to limit the maximum indicated TCI state number to be 2 for all considered mTRP schemes in R18. 

Proposal 13: For unified TCI framework extension to FR1 CJT, SFN-TRS and SFN-PDSCH can be considered
· In SFN-TRS, a single TCI state is applied to all DMRS ports with the corresponding TRS jointly transmitted from all TRPs
· In SFN-PDSCH, a same set of TCI state(s) can be applied to all DMRS port(s) with the maximum number of TCI states in the set as 2
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Figure 7: DCI dynamically indicating only 1 of 2 selected TCIs to be applied to scheduled assignment
In case of sDCI mTRP, TCI updating DCI may select 2 unified TCIs for 2 TRPs, respectively. However, gNB may prefer sTRP operation for a particular scheduled DL/UL assignment. In R16, such flexibility is achieved by indicating TCI codepoint mapped to 1 or 2 TCIs in the scheduling DCI. For mTRP unified TCI, the TCI indication is sticky, instead of per-scheduling based. Therefore, a separate indicator can be introduced for scheduling DCI to indicate whether 1 of the 2 selected TCIs is to be applied to the scheduled assignment.  

Proposal 14: For sDCI mTRP, the scheduling DCI can dynamically indicate that only 1 of the two selected TCIs is applied to the scheduled Rx/Tx
For R16 sDCI mTRP, the fallback DCI formats without TCI field can only schedule sTRP operation. However, in case of unified TCI state, two unified TCI states can be indicated, and ambiguity may arise for the sTRP operation scheduled by the fallback DCI formats. One simple clarification could be that only one of the two indicated TCI states will be applied to the sTRP operation scheduled by the fallback DCI formats.

Proposal 15: For sDCI mTRP, if the scheduling DCI has no TCI field, e.g. DCI format 1_0 & 0_0, only one of the two indicated TCI states will be applied to the scheduled Rx/Tx
· The one TCI can be the 1st of the two TCIs mapped to the indicated TCI codepoint

Another issue is that P/SP transmission can be configured/activated when 1 unified TCI state is indicated. However, 2 unified TCI states can be indicated later. In this case, which TCI state(s) to be applied to the P/SP transmission needs to be clarified. A simple clarification could be that the P/SP transmission uses one of the two indicated TCI states, e.g. the one for the same TRP as the original TCI state.

Proposal 16: For P/SP transmission configured/activated when 1 TCI state for 1 TRP is indicated but later 2 TCI states for different TRPs are indicated, the P/SP transmission only uses one of the 2 indicated TCI states
· E.g. use the TCI state for the same TRP as the original TCI state

In R17 mTRP for PUSCH, additional fields are added for 2nd TRP to UL DCI format 0_1 and 0_2, including 2nd SRI, 2nd TPMI, etc. Those bits can be up to 14 bits. However, for mTRP unified TCI, gNB may prefer to switch to sTRP operation mode by only selecting 1 unified TCI. In this case, those additional fields for 2nd TRP are not necessary and may affect PDCCH link budget if the purpose of sTRP operation is for coverage enhancement. To address the issue without additional RRC reconfiguration latency and overhead, both gNB and UE can assume the UL DCI format is also implicitly switched to sTRP version without the additional fields for 2nd TRP if gNB only selects 1 unified TCI. As shown in Figure 6, to ensure reliability, the mTRP-to-sTRP DCI version switching can be performed at the TCI application time from the end of ACK for the TCI selection command. 

Proposal 17: Study DCI size reduction (formats 0_1/0_2) after beam indication DCI indicates one TCI state (sTRP mode)
· In Rel-17, up to 14 bits are added to UL DCI for mTRP PUSCH
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Figure 8: UL DCI is implicitly switched to sTRP version after ACK for the single-TCI selection command 
In R17 sTRP unified TCI, the beam of the channels/RSs sharing the indicated unified TCI will be reset to the reported new beam in case of cell-level BFR, including both PCell and SCell BFR. Such implicit beam resetting can be extended to mTRP unified TCI as well. Specifically, the beam of the channels/RSs sharing the indicated unified TCI associated with a failed TRP will be reset to the reported new beam for the failed TRP in case of TRP-level BFR.

Proposal 18: After X symbols from the end of PDCCH as response for the mTRP BFR MAC-CE, all channels/RSs previously sharing the same selected unified TCI associated with a failed TRP will have the beam reset to the newly identified beam for the failed TRP reported in the MAC-CE
5. [bookmark: _Hlk54257923]Issue 4 – Special Consideration for Simultaneous UL Tx
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Figure 9: Extension of unified TCI to UL SDM and FDM based mTRP 
Simultaneous UL Tx will be specified in R18, at least including PUSCH+PUSCH and PUCCH+PUCCH. In our view, SDM based PUSCH can improve throughput, latency, and reliability, while FDM based PUSCH/PUCCH should be beneficial at least for reliability. Therefore, unified TCI can be extended to those schemes in addition to R17 TDM based PUSCH/PUCCH. 
Proposal 19: For simultaneous UL Tx, support extension of unified TCI to SDM and FDM based PUSCH, and FDM based PUCCH
To improve UL reliability, SFN based mTRP operation can be extended to UL as well. Compared with FDM/TDM based UL repetition, UL SFN may achieve same reliability without doubling the time/frequency resource. Compared with SDM based UL Tx, UL SFN in case of single-layer Tx may simplify the determination of the multi-layer MIMO parameters, e.g. rank, TPMI. Therefore, mTRP unified TCI can also consider the UL SFN based Tx. 
[bookmark: _Hlk101790595]Proposal 20: For simultaneous UL Tx, extension of unified TCI to SFN based PUSCH and PUCCH can be considered
[image: ]
[bookmark: _Hlk101789805]Figure 10: Extension of unified TCI to UL SFN based mTRP 
The SDM based PUSCH STxMP for sDCI mTRP is currently under study in 9.1.4.1, where only NCJT is considered, i.e. different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. For the unified TCI framework extension, a high-level proposal as the starting point could be that each indicated unified TCI state can be associated with a subset of PUSCH DMRS ports, which are jointly precoded and transmitted from the same UE panel. This is applicable to both CB and NCB based PUSCH transmissions.
[bookmark: _Hlk110158330]Proposal 21: For SDM based PUSCH STxMP in sDCI mTRP, if supported, each indicated unified TCI state can be associated with a subset of PUSCH DMRS ports, which are jointly precoded and transmitted from the same UE panel
· Applicable to both CB and NCB based PUSCH transmissions

[bookmark: _Hlk110156188]Another important issue is how to identify two UL UE beams that are feasible for simultaneous UL Tx. One way is to enhance the existing group-based beam report, where UE can inform gNB whether the UL beam(s) indicated by the 2 reported DL RSs per group can support simultaneous UL Tx or not. This is because some UE panels may be DL reception only, depending on the implementation. In addition, if simultaneous UL Tx is supported, UE may further inform gNB whether the indicated UL beam(s) by the 2 DL RSs correspond to the same or different UL spatial filters, since gNB may prefer different UL spatial filters for throughput enhancement via SDM based UL Tx. 
Instead of group-based beam report, another alternative is for UE to indicate the corresponding UE panel ID per reported DL RS in the beam report, based on which gNB can identify whether the UL beams indicated by two DL RSs correspond to different UE panels or not. This scheme has been extensively discussed in R16 and R17. To avoid similar discussion as well as unnecessary feedback of UE implementation details, we prefer to consider enhancement based on group-based beam report in R18.
Proposal 22: To determine simultaneous UL Tx beams, group-based beam report can be enhanced such that
· UE can report whether each beam group can also be used for simultaneous UL Tx, and with same or different UL spatial filters
6. Issue 5 – PC Issues Applicable to sDCI mTRP
In R17 mTRP PUSCH & PUCCH, different UL power control (PC) parameters can be assigned to different TRPs, including P0, alpha, closed-loop index. In addition, in R17 unified TCI, UE will apply a set of default PC parameters if the unified TCI state has no associated PC parameter set. In case of mTRP unified TCI, the same flexibility should be maintained for gNB to indicate different PC parameters for the two TRPs, including the default PC parameter sets, such that optimized PC parameters per TRP can be used, e.g. P0 and closed-loop index.  

Proposal 23: Introduce two default PC parameter sets for 2 TRPs, respectively
· If a selected UL applicable TCI associated with a TRP does not have associated PC parameters, the corresponding default PC parameter set will be applied

[bookmark: _Hlk110158654]For the simultaneous UL Tx to be specified in R18, the main scenario is FR2 as described in WID. In case of FR2, the UE panels typically have independent power amplifiers (PA). This should be considered, at least based on UE capability, in various aspects of UL PC, e.g. per-TRP PC, PHR, and UL power prioritization across channels/CCs.  

Proposal 24: Consider per-TRP UL Tx power limit in PC related aspects for simultaneous UL Tx

[image: ]

Figure 11: Independent PA per UE panel for FR2 
In RAN1 #109e, it has been agreed for R17 unified TCI that the virtual PHR can use the PC parameters associated with the indicated unified TCI state for more accurate UL power determination, instead of using the default PC parameters. The same principle can be extended to the case of two PHR for mTRP. Specifically, when two Type-1 PHRs are to be reported and at least one of them is based on a reference PUSCH transmission, the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state for that reference PUSCH transmission.

	Agreement
To calculate the Type 1 power headroom based on a reference PUSCH , the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state.



Proposal 25: When two Type-1 PHRs are to be reported and at least one of them is based on a reference PUSCH transmission, the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state for that reference PUSCH transmission.
7. Conclusion
[bookmark: _Hlk83741726]In this contribution we discussed Rel-18 extension of unified TCI framework to mTRP. Below are the observations and proposals.
Observation 1: For sDCI mTRP unified TCI activation, it is beneficial for each codepoint to be mapped to mixed DL/UL-only TCI and joint TCI
Observation 2: For sDCI mTRP unified TCI activation, it is beneficial for each codepoint to be mapped to different numbers of DL applicable TCI(s) and UL applicable TCI(s)
Proposal 1: For sDCI mTRP unified TCI activation, each codepoint can be mapped to any 2 candidates from the 2 per-TRP TCI state sets, respectively
· Each per-TCI TCI state set may have the following candidates: {DL-only, UL-only}, {Joint}, {UL-only}, {DL-only}

Proposal 2: For mDCI mTRP unified TCI activation, support TCI activation per CORESETPoolIndex
· For a given CORESETPoolIndex, the mapped TCI states per codepoint may have the following candidates: {DL-only, UL-only}, {Joint}, {UL-only}, {DL-only}

Proposal 3: For both sDCI and mDCI mTRP, an indicator is introduced with the following behaviours to inform UE whether a RRC configured channel/RS should share a selected unified TCI and, if so, which TRP ID of the shared TCI
· Behavior 1: Not to share any selected unified TCI
· Behavior 2: Share the selected unified TCI for TRP #1
· Behavior 3: Share the selected unified TCI for TRP #2
· Behavior 4: Share the selected unified TCI for both TRP #1 and #2

Proposal 4: For mDCI mTRP, for channels/RSs scheduled/activated by DCI, they will use the TCI selected for the same CORESETPoolIndex as the scheduling/activating DCI
Proposal 5: On unified TCI framework extension for S-DCI based MTRP
· For the association between indicated TCI state and CORESET following indicated TCI state, support Alt1
· i.e. use RRC configuration to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group

· For the association between configured TCI state and CORESET not following indicated TCI state, support to reuse existing MAC-CE based TCI state update per CORESET

Proposal 6: To indicate unified TCI state for PDCCH-SFN, support RRC configuring the CORESET to associate with both indicated unified TCI states for the two TRPs
Proposal 7: On unified TCI framework extension for M-DCI based MTRP, support Alt2 to indicate a TCI state for a CORESETPoolIndex
· i.e. use the existing TCI field in the DCI format 1_1/1_2 associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value

[bookmark: _Hlk109490309]Proposal 8: For unified TCI framework extension to R16 sDCI mTRP SDM/FDM/TDM based PDSCH repetition, the mapping of unified TCIs to repetitions or DMRS port groups can reuse the same rule in R16
·  i.e. by replacing 1st and 2nd indicated legacy TCI states in R16 rule with the 1st and 2nd indicated DL applicable unified TCI states

Proposal 9: For unified TCI framework extension to sDCI mTRP, two default beams can be supported
· If the indicated TCI codepoint has two DL applicable TCI states, they serve as the two default beams
· Otherwise, the two DL applicable TCI states mapped to the TCI codepoint with lowest ID serve as the two default beams

Proposal 10: For unified TCI framework extension to mDCI mTRP, two default beams can be supported
· The default beam for a given CORESETPoolIndex is the indicated DL applicable TCI state for that CORESETPoolIndex

Proposal 11: For sDCI mTRP with two SRS resource sets for the same usage, each SRS resource set can follow one indicated TCI state for a TRP
· An RRC flag can be configured per SRS resource set to indicate which TCI to follow for this set

Proposal 12: For unified TCI framework extension to R17 sDCI mTRP TDM based PUSCH repetition associated with two SRS resource sets, the 1st and 2nd indicated TCI states can be applied to repetitions associated with the 1st and 2nd SRS resource sets, respectively
Proposal 13: For unified TCI framework extension to FR1 CJT, SFN-TRS and SFN-PDSCH can be considered
· In SFN-TRS, a single TCI state is applied to all DMRS ports with the corresponding TRS jointly transmitted from all TRPs
· In SFN-PDSCH, a same set of TCI state(s) can be applied to all DMRS port(s) with the maximum number of TCI states in the set as 2

Proposal 14: For sDCI mTRP, the scheduling DCI can dynamically indicate that only 1 of the two selected TCIs is applied to the scheduled Rx/Tx
Proposal 15: For sDCI mTRP, if the scheduling DCI has no TCI field, e.g. DCI format 1_0 & 0_0, only one of the two indicated TCI states will be applied to the scheduled Rx/Tx
· The one TCI can be the 1st of the two TCIs mapped to the indicated TCI codepoint

Proposal 16: For P/SP transmission configured/activated when 1 TCI state for 1 TRP is indicated but later 2 TCI states for different TRPs are indicated, the P/SP transmission only uses one of the 2 indicated TCI states
· E.g. use the TCI state for the same TRP as the original TCI state

Proposal 17: Study DCI size reduction (formats 0_1/0_2) after beam indication DCI indicates one TCI state (sTRP mode)
· In Rel-17, up to 14 bits are added to UL DCI for mTRP PUSCH

Proposal 18: After X symbols from the end of PDCCH as response for the mTRP BFR MAC-CE, all channels/RSs previously sharing the same selected unified TCI associated with a failed TRP will have the beam reset to the newly identified beam for the failed TRP reported in the MAC-CE
Proposal 19: For simultaneous UL Tx, support extension of unified TCI to SDM and FDM based PUSCH, and FDM based PUCCH
Proposal 20: For simultaneous UL Tx, extension of unified TCI to SFN based PUSCH and PUCCH can be considered
Proposal 21: For SDM based PUSCH STxMP in sDCI mTRP, if supported, each indicated unified TCI state can be associated with a subset of PUSCH DMRS ports, which are jointly precoded and transmitted from the same UE panel
· Applicable to both CB and NCB based PUSCH transmissions

Proposal 22: To determine simultaneous UL Tx beams, group-based beam report can be enhanced such that
· UE can report whether each beam group can also be used for simultaneous UL Tx, and with same or different UL spatial filters

Proposal 23: Introduce two default PC parameter sets for 2 TRPs, respectively
· If a selected UL applicable TCI associated with a TRP does not have associated PC parameters, the corresponding default PC parameter set will be applied

[bookmark: _Hlk110158639]Proposal 24: Consider per-TRP UL Tx power limit in PC related aspects for simultaneous UL Tx
Proposal 25: When two Type-1 PHRs are to be reported and at least one of them is based on a reference PUSCH transmission, the UE uses the PUSCH power control parameters (i.e., PL-RS, P0, alpha, closed loop index) associated with the indicated joint/UL-TCI state for that reference PUSCH transmission.
8. References
1. RP-213598 R18 MIMO WID
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